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A sizing composition for use in a process of producing sized 
glass fiber strands that can be usad in reinforcing polymers is provided. 
Also provided are the aized glass fiber strands, glass fiber reinforced 
polymers and processes for producing these materials. The sizing composi- 
tion comprises one or moro organo silane coupling agents, a major amount of 
the solids of the aqueous sizing composition is an epoxidized polar thermo- 
plastic copolymer where there are three to about twelve parts of epoxy per 
100 parts of the other comonomer and one or more nonionic, cationic or 
anionic lubricants. The sizing composition can also have one or more 
compatibilizing sgents such ss a polyvinyl-acetate-ethylene copolymer 
unsaturated polyester resins, polyvinyl acetate homopolymer, epoxy polymers 
and epoxy polyester copolymers. 

The comonomers for the epoxidized polar thermoplastic copolymer 
are vinyl acetate, acrylates, polyurethane condensate monomer, polyester 
condensste monomer, and polyamide condensate monomer. The epoxidized polar 
thermoplastic copolymer has a Tg in the range of ambient temperatures to 
about 70*C. 

The glsss fiber strands crested with this sizing composition can 
be made into roving for use in producing glass fiber reinforced polymers 
like polyester polymers, vinyl ester polymers and epoxy polymers. 



SIZING COMPOSITION AND SIZED 
GLASS FIBERS AND PROCESS 

The present invention is directed to a sizing composition for 
treating glass fibers in a process to produce treated glass fiber strands 
that have improved properties of wettability and compatibility in polymer 
matrices to produce reinforced polymers with improved mechanical and 
fatigue properties. The present invention is particularly directed to a 
sizing composition for treating glass fibers in a process to produce 
treated glass fiber strand having improved wettability and compatibility 
when used in unsaturated polyester or vinyl ester or epoxy matrices for 
producing high glass content reinforced polyester materials. 

It is well known in the art to use glass fibers in the form of 
chopped fibers, continuous strand, woven materials and mats to reinforce 
polymeric materials. Glass fibers used to reinforce polymeric materials 
are produced by drawing the fibers at a high rate of speed from molten 
glass contained in tips of small orifices in a platinum device called a 
bushing. The glass fibers so produced must be protected from inter filament 
abrasion during formation and further processing and must be made compati- 
ble with the polymeric materials they are to reinforce. In order to accom- 
plish this a sizing composition is used to treat the glass fibers during 
formation. The sizing composition conventionally contains lubricants, film 
formers, coupling agents, wetting agents, eraulsifiers and the like. After 
the glass fibers are treated with the sizing composition they are gathered 
into one or more strands and wound into a package. These packages are 
usually dried and then a plurality of these dried packages are mounted on a 
creel, braided into roving and collected on a rotating spindle to form a 



roving ball. The ends of Buch a roving ball can be threaded into a chopper 
of a aheet molding compound machine to produce thermosetable polymers 
reinforced with the glass fibers in the form of a sheet material. An 
example of a sizing composition that has been useful in producing sized 
glass fiber strands for use in reinforced polymeric materials is the compo- 
sition having an organo silane coupling agent, polyvinylacetate homopolymer, 
polyvinylacetate ethylene copolymer and a lubricant. 

Of more recent interest to the art has been the manufacture of 
high strength glass fiber reinforced polymeric materials. These high 
strength reinforced polymeric materials have a glass fiber content of 
greater than 50 percent of the composite as opposed to the sheet molding 
compounds which have around 30 percent glass fibers. In these composites 
which are materials with several distinct phases usually consisting of 
a reinforcing phase such as fibers and a supporting phase such as a matrix 
resin or polymer. The major load carrying member of a high modulus com- 
posite is the reinforcing phase. The matrix phase serves as a load splic- 
ing medium around the reinforcing phase. In the high strength or high 
modulus composites these materials are fabricated using high concentrations 
of fibers approximately over 50 percent in matrices where maximum bond 
strength between fiber and matrix resin is insured. Two families of high 
strength glass fiber reinforced molding composites that have been recently 
introduced into the market place are the XMC* composite and the HMC® com- 
posite available from PPG Industries, Inc., Pittsburgh, Pennsylvania 15222. 
Both of these composites have high strength properties needed for struc- 
tural uses. The HMC® composite offers isotropic strength properties 
approaching twice those of conventional sheet molding compounds by employ- 
ing high glass fiber content with little or no filler. The XMC® composite 
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is a directionally reinforced, multiple resin-glass fiber sheet containing 
65 percent to 75 percent continuous reinforcement. 

The production of the high modulus or high strength glass fiber 
reinforced polymeric materials placed increased demands on the sizing 
composition used to treat the glass fibers that are to be used in these 
composites, because of the higher amounts of glass fibers used in the 
composites. It is desirable to have a high degree of wet-through in the 
high modulus or high strength composites in order that the final physical 
properties of the composites and the processability of the composites are 

10 at their maximum levels. Also the association of the glass fibers with the 
matrix resin usually referred to as "wet-out" during compounding means that 
the resin encapsulates the glass fibers and very little, if any, bare glass 
is visible throughout the molded polymeric compound. Wet-out during com- 
pounding is a measure of the apparent intimacy of contact between the 
polymeric matrix and the glass fibers. If the glass fibers are not inti- 
' mately wet-out following compounding with the polymeric material, it is 
expected that they will wet-out on aging due to the increase of the vis- 
cosity of the compound. This may lead to adverse effects on the processa- 
bility, molding characteristics and surface properties of the final molded 

20 polymeric material. Also the sizing composition must have the proper 

solubility in the matrix resins and polymers to make the molded glass fiber 
reinforced polymeric material. For example, a myriad of applications of 
thermosetting molding composites utilize unsaturated polyesters or vinyl 
ester or epoxy resins and the solubility of the sized glass fibers and the 
ethylenically unsaturated organic solvents can affect the final properties 
of the molded polymeric product. Also, it is essential that the sizing 
composition produce sized glass fiber strands that are protected during 
processing of these high strength glass fiber reinforced molding composites. 

- 3 - 
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In the production of these materials the sized glass fiber strands 
at some point are removed from packages and passed through eyelets and guide 
eyes to a guiding operation or chopped in a chopping operation or woven or 
formed into a mat. It is important that the glass fibers do not disinte- 
grate into dangling strands and tangled strands. All of the aforementioned 
properties of sized glass fiber strands are important in the formation of 
glass fiber reinforced high strength polymers but these properties can be 
useful in the conventional sheet molding compounds and bulk molding 
compounds . 

10 The present invention provides a sizing composition and process 

for producing same for treating glass fibers to produce the glass fibers 
and strands having improved wettability such as "wet-through" and "wet-out" 
and having substantial solubility in matrix resins and polymers to provide 
some degree of f ilamentization and having good processability . 

Additionally, the present invention provides high strength glass 
fiber reinforced unsaturated polyester, vinyl ester or epoxy resin composites 
having improved mechanical properties because of the use of glass fiber 
reinforcement having the dried residue of an improved sizing composition. 

Still further the present Invention provides treated glass fiber 
20 strands having improved properties of wettability, and solubility, in 

matrix resins and polymers and having improved processability in producing 
glass fiber reinforced polymeric materials. 

Summary of the Invention 

The foregoing advantages and other advantages inherently taught 
from the following disclosure are achieved by having an aqueous sizing 
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composition for glass fibers and that is substantially soluble in polymeric 
materials that the glass fibers are to reinforce comprising: a predominant 
amount of the solids of the composition being an epoxidized polar thermo- 
plastic copolymer, one or more organo ailane coupling agents, and one or 
more lubricants. 

The epoxy polar thermoplastic copolymer has a glass transition 
temperature (Tg) as determined by nuclear magnetic resonance peak ratio or 
approximated by less complicated techniques such as differential thermal 
analysis in the range of ambient temperature at which the glass fiber 
strands are used to about 70°C. Typically ambient temperature is above 
about 18°C. The predominant amount preferably ranges from 3 to about 20 
weight percent of the aqueous sizing composition. The epoxidized copolymer 
has about 3 to about 10 parts of epoxy per 100 parts of the other non-epfcxy 
monomer. The non-epoxy monomer or condensate is selected from vinyl 
acetate, acrylates, polyurethane condensate monomer, polyester condensate 
monomer, and polyamide condensate monomer. 

The sizing composition does not require any other additives other 
than water and the aforementioned materials to accomplish the aforementioned 
objects of the invention although other additives such as compatibilizing 
agents, antistatic agents and processing aids and the like may be used. 
Compatibilizing agents are polymeric materials that have the capability of 
forming chemical, physical chemical, or mechanical bonds to at least a 
minor degree with the matrix polymer that the sized glass fibers having 
the polymeric material in the size are to reinforce. Example of these 
compatibilizing agents include ethylene-vinyl acetate copolymer, unsaturated 
polyester resin, epoxy polyester copolymer and epoxy homopolymers . When 
such compatibilizing agents are used, one or more of them are 
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used in an amount of less than about 20 weight percent of the total amount 
of film former in the sizing composition. This is in order to assure the 
proper solubility of the sized glass fiber strands in the polymer matrix. 

The sized glass fibers are produced by a process involving 
drawing glass fibers from molten conea of glass at a high rate of speed, 
applying to the fibers during formation the aqueous glass fiber sizing 
composition comprising organo silane coupling agent, epoxidized polar 
thermoplastic copolymer and lubricant and water, and gathering the fibers 
into one or more strands and winding the strands on a rapidly rotating 
forming tube. 

Sized glass fiber strands on forming tubes are dried and a plu- 
rality of the forming tubes are manufactured into a roving and the glass 
fiber strands are collected on a rotating spindle to form a rotating ball. 
The glass fiber strands in any form such as individual strand from forming 
tubes, roving, chopped strand, mat or woven strands can be used to rein- 
force polymeric materials, such as unsaturated polyesters, vinylesters and 
epoxy polymers. These reinforced polymers can be produced as sheet molding 
compounds, bulk molding compounds and high modulus molding composites such 
as HMC® composites and XMC® composites. 

Detailed Description of the Invention 
In composites of glass fiber reinforced polymers produced from 
sheet molding compounds, bulk molding compounds and high modulus molding 
compounds, the relationship between the reinforcement phase, glass fibers, 
and the supporting phase, polymer matrix, governs many of the mechanical 
properties of the final composite. For example, flexural modulus and 
flexural strength of the composites, as defined by the American Society 



of Testing Materials ( ASTM) test D-790 are believed to reflect upon the 
degrees of adhesion between the reinforcing and supporting phases of the 
composite. Other mechanical properties that are affected are inplain shear 
strength, measured according to ASTM Test D3846-79, which is a true measure 
of bonding between fibers and matrix resin; Izod impact resistance, dynamic 
hysteresis and fatigue resistance. Care must be taken in trying to increase 
any one particular mechanical property of the composite in relationship tD 
the other mechanical properties of the composite so that by increasing one 
property the other properties are not detrimentally affected. 

The sizing composition of the present invention gives sized glass 
fiber strands with improved wettability and solubility in the matrix poly- 
mer to produce molding compounds that are made into molded composites that 
have improved mechanical properties of Izod impact resistance, in-plane 
shear and flexural strength without detrimentally affecing other mechanical 
properties. The sizing composition of the present invention is one that is 
substantially soluble in the polymeric matrix that the sized glass fiber 
strands are to reinforce. By "substantially soluble," it is meant that 
solubility of the sizing composition in the polymeric matrix is greater 
than 50 percent and preferably about 60 to above 70 percent. This solu- 
bility is approximated by the solubility of the sizing composition in 
organic solvents that simulate the chemical nature of the matrix polymer. 
Nonexclusive examples of these solvents include acetone, toluene, or 
styrene. 

It is believed, but the present invention is not limited by this 
belief, that the substantially soluble sizing composition allows the sized 
glass fiber strands to filamentize in the presence of the matrix polymer. 
This is especially useful in the high modulus glass fiber reinforced poly- 
meric composites and in sheet molding compounds that are pigmentable. 



The epoxidized polar thermoplastic copolymer is present in the 
sizing composition in an amount of 3 to about 20 weight percent of the 
aqueous sizing composition or about 10 to about 90 weight percent of the 
nonaqueous components of the composition. The copolymer is present always 
as the major constitutent other than water in the sizing composition. This 
amount is important in order to get improved wet-out and solubility of the 
sized glass fiber strands and improved mechanical properties of the glass 
fiber reinforced polymeric composites. 

As mentioned above, the copolymer can be epoxidized polyvinylace- 
10 tate, epoxidized polyacrylate , including various acrylates, which are 

esters of acrylic or methacrylic acid, like methyl methacrylate , methyl 
acrylate, ethyl methacrylate, 2-ethylhexyl acrylate, butylacrylate and the 
like; epoxidized polyesters; epoxidized polyamides; and epoxidized polyure- 
thanes, like thermoplastic aliphatic and aromatic polyurethanes prepared 
from condensation polymerization of an aliphatic or aromatic diisocyanate 
and diol. The copolymer has a Tg ranging from ambient temperature to about 
70"C and can be formed by emulsion or suspension polymerization and may 
contain small amounts of various polymerization additives like stabilizers 
and surfactants. The copolymers can exist in aqueous emulsions having 
20 varying amounts of solids. In the copolymer the amount of epoxy function- 

ality is in the range of about 3 to about 10 parts per 100 parts of the 
other copolymer. If there are less than three parts, the copolymer will 
not be sticky enough to give good ribbonization. If there are more than 10 
parts epoxy, the copolymer will be too sticky for processing. 

The sizing composition of the present invention preferably has 
the epoxidized polyvinylacetate copolymer as the predominant film-former 
in the sizing composition, when the sized glass fibers are to reinforce 
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unsaturated polyesters, vinyl esters, or epoxy polymers. The type of 
copolymer and the amounts of the monomers in the sizing composition have 
already been stated and examples of the type of copolymer include the 
product designated "Resyn 25-1971" available from National Starch, Bridge- 
water, New Jersey. This copolymer has 3 percent epoxy functionality in the 
epoxidized polyvinylacetate copolymer. Another material that has been 
found suitable is that designated "Resyn NSR 3362-53" which is available 
from National Starch, Bridgewater, New Jersey and has 7 percent epoxy 
functionality in the epoxidized polyvinylacetate copolymer. Another 
epoxidized polyvinylacetate copolymer that has been found to be useful is 
that material available from H. B. Fuller Company under the trade designa- 
tion "PN-3013". 

The one or more organo-functional silane coupling agents used in 
the sizing composition of the present invention can be those having a reac- 
tive moiety on the compound, which is free-radically polymerizable such as 
acrylate, methacrylate , alkyl, vinyl or the like. A particularly advan- 
tageous organo-silane coupling agent is gamraa-methacryloxypropyltriethoxy- 
silane available from Union Carbide Corporation under the trade designation 
"A-174." However, other unsaturated coupling agents such as vinyl tri- 
ethoxysilane vinyltriraethoxysilane and the like may be utilized as the 
organosilane coupling agent. In addition to the silane coupling agent 
with the free-radically polymerizable moiety, an amino- functional silane 
coupling agent having the general formula: 
NH 2 - R - Si - (OR 2 >3 
can be used. The R group is an alkylene radical having from two to eight 
carbon atoms and the R group is a lower alkyl radical or hydrogen. This 
lower alkyl radical has one to five carbon atoms and preferably one or two 



carbon atoms. The amount of each organosilane coupling agent present in 
the sizing composition is in the range of about 0.1 to about 5 percent by 
weight based on the total weight of the aqueous sizing composition or up to 
20 weight percent of the solids in the sizing composition for the one or 
more silane coupling agents. When the combination of the silane with the 
free radical reactive moiety and the amino-f unctional silane is used, 
it is preferred that the silane with the free radical reactive moiety be 
used in a greater amount than the amino-f unctional silane. 

The one or more lubricants that are used in the sizing composition 

10 are cationic, nonionic, or anionic lubricants. Nonexclusive examples 

include cationic lubricants that are typically an amine salt of a fatty 
acid which has 4 to 26 carbon atoms and in all cases an even number of 
carbon atoms per molecule or alkyl imidazoline derivatives such as described 
in U.S. Patents 2,200,815; 2,267,965; 2,268,273 and 2,355,837. In the 
fatty acid amine salt lubricant the fatty acid moiety of the salt has 
between 12 and 22 carbon atoms. The amines useful for forming the salt are 
tertiary amines of substantially low molecular weight, i.e., the alkyl 
groups attached to the nitrogen atom should be between 1 and 6 carbon atoms. 
Examples of such an amine salt of a fatty acid lubricant are the Emerylube 

20 products available from Emery Industries, Inc. These include the products 
designated "6717", "4046D" and "6760". The latter product is preferred 
for use as the sole lubricant, since it is a neutralized material having 
approximately a 50 percent solids content. A non-exclusive example of the 
alkylimidazoline derivative is the product designated "Cation X," which is 
the reaction product of stearic acid, tetraethylene pentamine and acetic 
acid. The acid solubllized water dispersible stearic amides and anhydrous 
acid solubilized water dispersible 
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lower molecular weight fatty acid amides as well as anhydrous acid solu- 
bilized polyunsaturated lower molecular weight fatty acid amides can also 
be used. These lubricants aid in the processing of the glass fiber strands 
and the roving formed therefrom by imparting slip to the exterior of the 
strand or roving as it passes over various types of processing equipment. 
Each lubricant is used in an amount from about 0.5 to about 2 percent by 
weight and preferably from about 0.75 to about 1.5 percent by weight based 
on the ingredients of the aqueous sizing composition. 

The compatibilizing agent useful in the sizing composition of the 
present invention are preferably the unsaturated polyesters formed from 
unsaturated polycarboxyl ic acids or anhydrides such as maleic, and fumaric 
carboxylic acids or the like and a polyhydric alcohol. Other unsaturated 
carboxylic acids that may be used in producing the unsaturated polyester 
reein include, for example, chloromaleic acid or anhydride, tetrahydro- 
phthalic acid or anhydride and the like. The polyhydric alcohols useful in 
preparing the unsaturated polyester resin are the dihydric alcohols such as 
propylene glycol, dipropylene glycol, diethylene glycol, 1, 3-tetratnethyl- 
eneglycol and the like, the trihydric alcohol such as tr imethylolpropane, 
trimethylol ethane, glycerol and the like and the tetralos such as pentaery- 
thritol and the like. Preferably the condensation polymers have a molecu- 
lar weight of about 500 to 5,000 and preferably have an acid number of less 
than 100 and more preferably less than 70. 



tate homopolymer or vinyl acetate-ethylene copolymer. A particularly use 
ful vinyl acetate-ethylene copolymer iB available from Airco Chemicals ar 
Plastics Company under the trade designation "AIRCOFLEX-X-510," although 



of the AIRCOFLEX AOOyf copolymers may be used. A particularly useful 



Another compatibilizing agent that can be used is a polyvinylace- 
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polyvinylacetate homopolymer that can be used is the product available from 
National Starch under the trade designation "Resyn NS 78-3724" which also 
has a small amount of an organo silane coupling agent with a free radically 
polyinerizable reactive moiety (A-174) blended with the homopolymer. 

Other compatibilizing agents that can be used include epoxy poly- 
mers and epoxy polyester copolymers. The epoxy polymer can be aromatic 
epoxy polymers formed by reacting epihalorohydrin with bisphenol A and 
other phenolic epoxies. The phenolic epoxies are obtained by the reaction 
of a stochiometric excess of an epihalohydrin with polyhydric phenol. 
10 Typically the molecular weights range between 300 and 400. Other epoxies 
resins that can be used are the peracetic acid based cycloaliphatic epoxy 
or the polyglycidyl ethers of a movalac resin. Also epoxy polyester co- 
polymers can be used. An example is the reaction product of a partial 
ester of a polycarboxylic acid, which contains one or more esterlfied 
carboxyl groups with a compound containing more than one epoxy; group formed 
by reactions known to those skilled in the art. Such reaction products are 
recited in U.S. Patent 3,437,517. 

The amount of one or more compatibilizing agents used in the 
aqueous sizing composition must be less than 20 weight percent of the 
20 epoxidized polar thermoplastic copolymer film-former. If an amount over 
20 weight percent is used, the sizing composition may not produce the 
desired solubility of the sized glass fiber strand in the polymer matrix. 

When the compatibilizing agent is an unsaturated polyester resin 
or vinylester or polyvinyl-acetate resin, it may be necessary to use a 
small amount. of anti-static agent such as ammonium chloride in the 6izing 
composition. 



30 



X 



- 12 - 



In preparing the sizing composition it is desirable that the 
solids be between about 4 and about 30 percent by weight and preferably 
between about 18 and about 25 percent by weight of the aqueous sizing 
composition. The pH of the sizing composition should be controlled between 
about 5 and 7 and preferably between 5.2 and 6.2. The sizing composition 
is applied to fibers by any conventional method to obtain a solids applica- 
tion of 0.5 to about 2 percent by weight based on the total weight of the 
fibers and sizing composition and more preferably between about 0.5 and 
about 1 percent by weight. The sized glass fibers are then gathered into 
one or more strands and wound onto a forming package by any conventional 
method. The forming packages are then dried in an oven usually at a tem- 
perature around 100° to 133*C for about 5 to 15 hours. A plurality of 
the forming packages are then mounted on a creel, braided into roving and 
collected onto a rotating spindle to form a roving ball. The ends of a 
plurality of a roving ball are threaded into machinery to produce sheet 
molding compound, bulk molding compound and high modulus molding compound 
such as HMC composites and XMC composites. 

In the preferred embodiment of the present invention the sizing 
composition has a high solids concentration in the range of about 18 to 
about 20 weight percent and is prepared in the following manner with the 
following components. In the preferred embodiment the vinyl containing 
organo silane coupling agent is gammaraethacryloxypropyltriethoxysilane 
(A-174) used in an amount of about 0.4 to about 2.5 weight percent of the 
sizing composition. The amount of A-174 silane is preferably added with 
agitation to a small amount of acetic acid around 1 to 10 weight percent oi 
the silane in a main mix tank. The epoxidized polyvinylacetate copolymer 
is preferably the National Starch material (Resyn NS 25-1971) with three 
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parts of epoxy for 100 parts of vinyl acetate used in amount to about 5 to 
about 16 weight percent of the aqueous sizing composition. The epoxidized 
copolymer is combined with an amount of 0.05 to about 2.0 weight percent 
of unhydrolyzed, although partially hydrolyzed could also be used, araino- 
functional organo-silane (gamma-aminopropyltr iethoxysilane , A-1100 from 
Union Carbide Corporation) in a first premix vessel. Also, it is preferred 
to use the amidated polyamine lubricant available from Emery Industries, 
Inc., Cincinnati, Ohio under the trade designation Emerylube 6760. It is 
preferred to use the Emerylube material in amount of about 0.05 to about 1 
10 weight percent of the aqueous sizing composition. The lubricant is diluted 

in hot water in a second premix tank. Also, it is preferred to use a com- 
patibilizing agent which is polyvinylacetate-ethylene copolymer available 
from Air Products under the trade designation AIRC0FLEX-X-5 10 in amount of 
about 0.5 to about 5.0 weight percent of the aqueous sizing composition. 
The vinyl acetate-ethylene copolymer is added to the main mfx tank with 
agitation. After this addition, the mixture of araino-organosilane and 
epoxidized polyvinyl acetate copolymer is added with agitation to the main 
mix tank. Also the diluted lubricant mixture is added to the main mix 
tank. The resultant mixture is diluted to the desired volume and the pH is 
20 adjusted to about 4.5 to about 5.5. It is preferred to use acetic acid 

although any organic or inorganic acid can be used to adjust the pH of the 
sizing composition. 

In the foregoing description of the preferred embodiment the 
amounts of the ingredients are in weight percentages of the total aqueous 
sizing composition. 

It is preferred to use the sizing composition with a solids con- 
tent in range of about 18 to about 20 weight percent to treat the glass 
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fibers from a roll type applicator as they are being formed. After the 

treated glass fibers are gathered into one or more strands and wound into 

a forming package, it is preferred to dry a plurality of the forming 

packages in an oven at 133°C. for 11 hours. 

It is also preferred to use a plurality of the dried forming 

packages to produce a roving by mounting the forming packages on a creel 

and braiding the strands into a roving and then collecting the roving on 

a rotating spindle to form a roving ball. The roving ball can then be used 

by threading the ends of the roving into a chopper of a sheet molding com- 

10 pound machine or it can be used in the production of high modulus molding 

composites like HMC® composite and XMC® composites. These composites can 

be produced in accordance with the teachings of the article entitled "XMC™ 

and HMC™ Structural Molding Compounds," Society of Automotive Engineers, 

Inc., Paper No. 760053, Richard H. Ackley, 1976, and PPG Industries Fiber- 

® 

glass Division Technical Service Bulletin TS-201A, entitled "HMC High 
Strength Molding Composites New Formulations, Processing and Molding". 

The following examples will further elucidate the concept of the 

invention. 

EXAMPLE I 

20 Ten gallons of a sizing composition were prepared by adding 19 ml 

of acetic acid to a main mixed tank. To this main mix tank there was added 
293 grams (0.7 weight percent of gamma methacryloxypropyltriethoxy silane. 
Agitation was provided and continued for ten minutes or until this solution 
is complete. An amount of 7,108 grams (8.5 weight percent) of epoxidized 
polyvinylacetate copolymer (Resyn S-25-1971) was added to the main mix 
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tank. After this addition an amount of 141 grams (0.3 weight percent) of 
cationic fatty acid amide sold by Emery Industries (Emery 4046$) was added 
to hot water in a premix vessel with agitation. Agitation was continued 
until the solution was complete and this solution was added to the main mix 
tank. Acidic acid was then added to the main mixed tank to bring the pH to 
5.8 +_0.3 and the resultant mixture was diluted to ten gallons (37.85 
liters) and agitated for five minutes. 

EXAMPLE II 

Ten gallons (37.85 liters) of a sizing composition were prepared 
by combining 1.5 gallons of water (5.68 liters) with 292 grams of A-174 
silane (0.7 weight percent) and 19.3 ml of acetic acid. The combination 
was performed in a premix vessel with agitation until the solution was 
complete. The silane solution was then conveyed to a main mix tank. To 
this mix tank there was added 7,107.8 grams (8.4 weight percent) of epoxi- 
dized polyvinylacetate copolymer (Reysin 25-1971) with agitation. Next, an 
amount of 941.2 grams (1.1 weight percent) of polyvinyl acetate-ethylene 
copolymer (AIRCOFLExSc-SlO) was added to the main mix tank. Hot water in 
an amount 1,134 grams (2.7 weight percent) and 140.6 grams (0.3 weight 
percent) of cationic fatty acid amide (Emery 4046 ^ were combined with 
agitation in a pre-mix tank. The agitation was continued until the solu- 
tion was complete and then the solution was added to the main mix tank. An 
amount of acetic acid was added to bring the pH to 5.8 +_ 0.3 and the 
resultant mixture was diluted to 10 gallons. 

This produced a sizing composition having 12.6 +0.2% solids which 
was the same as that in Example I. 

TrojLa. Ka-^k. 



- 16 - 



1165320 



EXAMPLE III 

Fifteen gallons (56.8 liters) of a sizing composition were pre- 
pared by combining 438 grama (0.7 weight percent) of the A-174 silane 
with 29 ml acetic acid in a premix vessel with agitation. The agitation 
was continued until the solution was complete, at which time the solution 
was transferred to a main mix tank. To the main mix tank there was added 
10,662 grams (8.4 weight percent) of epoxidized polyvinylacetate copolymer 
(Resyn^NSR 3362-53, 7% epoxy). After this addition an amount of 1,412 
grams (1.1 weight percent) of polyvinylacetate-ethylene copolymer (AIRC0- 
FLEX X 510) was added to the main mix tank. Cationic fatty acid amide 
lubricant (Emerylube 4046 V)f in an amount of 212 grams (0.3 weight percent) 
was combined with hot water under agitation. The agitation continued until 
the solution was complete, at which time a solution was added to the main 
mix tank. The acetic acid was added to bring the pH to 5.8 +_ 0.3. The 
resultant mixture in the main mix tank was diluted to the final volume. 
The sizing composition had a percent solids of 12.6 +0.2, 

EXAMPLE IV 

A sizing composition similar to the sizing composition of Exam- 
ple III was prepared in the same manner except instead of the epoxidized 
polyvinylacetate copolymer, Resyn NSR 3362-53, there was used the epoxidized 
polyvinylacetate copolymer, Resyn^S 25-1971 in the same amount. 

Example V 

A sizing composition in an amount of 10 gallons (1.13 x 10 5 
liters) was prepared by combining 330.7 grams (0.9 weight percent) of the 
A-174 silane with 20 ml of acetic acid in a pre-raix vessel with agitation. 



The agitation was continued until the solution was complete. An amount of 
amidated polyamine lubricant (Emery 6760, 160.3 grams) of 0.2 weight 
percent was diluted in hot water and adjusted to a pH of 4.5 to 5.0 in a 
second premix tank. An amount of epoxidized polyvinylacetate copolymer 
of 8,000 grams (11.3 weight percent) and an amount of 1,066.4 grams (1.5 
weight percent) of the vinyl acetate-ethylene copolymer ( AIRCOFLEX-X-510) 
were diluted in water and the pH adjusted to 4.5 - 5.0 in a main mix tank. 
The adjust A-174 silane and the diluted polyamine lubricant were added to 
the main mix tank as was 15.3 grams (0.04 weight percent) of gamma-amino- 
propyltriethoxy silane (A-1100) and the mixture was diluted to 10 gallons. 
With the pH was 5.5 0.2 and the percent solids was 14.0 0.3. 



Example VI 

An amount of 30 gallons (1.13 x 10 5 liters) of a sizing composi- 
tion was prepared. The method of preparation was the same as Example V and 
the formulation is as shown below: 



1. 



A-174 

Epoxidized polyvinyl 
acetate copolymer 
(RESYN NS25-1971) 

Vinyl acetate ethylene 
copolymer (AIRCOFLEX 
X-510) 

Emery 6760 lubricant 

Gamma amino propyl 
triethoxy silane 
(A-1100) 



992.1 grams 
24,000 grams 



480.9 grams 
195.6 grams 



0.92 weight percent 
11.2 weight percent 



1.5 weight percent 



0.22 weight percent 
0.18 weight percent 
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The pH of the sizing composition was 5.0 + 0.3 with a solids 
content of 14.0 ^0.3. 

Example VII 

An amount of 30 gallons (1.13 x 10 5 liters) of a sizing composi- 
tion was prepared in the same manner as that of Example V. The sizing com- 
position had the following formulation. 

!, a-174 99.21 grams 0.92 weight percent 

2. RESYN NS25-1971 24,000 grams 11.1 weight percent 

3. AIRCOFLEX X510 copolymer 3,199.2 grams 1.5 weight percent 

4. Emery 6760 lubricant 961.8 grams 3.45 weight percent 

The sizing composition had a pH of 5.0 0.3 and a solids content 
of 14.0 _+ 0.3. 

Example VIII 

An amount of 10 gallons (37,850 liters) of a sizing composition 
was prepared in the following manner. An amount of A-174 Bilane of 330.7 
grams (9.3 weight percent) was added to acetic acid for 20 to 30 minutes to 
be hydrolyzed. An amount of 30.6 grams (.08 weight percent) of A-1100 was 
hydrolyzed with acetic acid for 20 to 30 minutes and adjusted to a pH of 
4.5 to 5.0 in a second pre-mix tank. An amount of 160.3 grams (0.2 weight 
percent) of Emery 6760 lubricant was diluted in hot water and adjusted to 
a pH of 4.5 to 5.0 in a third pre-mix tank. An amount of 8,000 grams (11.2 
weight percent) of epoxidized polyvinyl acetate copolymer available from 
Fuller Chemical Company under the trade designation Fuller PN 3013 was 
diluted in water along with 1,066.4 grams (1.5 weight percent) of vinyl 
acetate-ethylene copolymer (AIRCOFLEX X-510) in a main mix tank. To the 
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main mix tank there was added the hydrolyzed A174 and hydrolyzed A-1100. 
Then to the main mix tank there was added the diluted Emery lube lubricant 
and the resulting solution was diluted to 10 gallons and the pH adjusted to 
5.0 +_ 0.3. The percent solids of the sizing composition was 14.0 +_ 0.3. 



Example IX 

Ten gallons (37,850 liters) of a sizing composition was prepared. 
The sizing composition had the following formulation: 

1. A-174 330.7 grams 0.88 weight percent 

2. RESYN NS25-1971 4,000 grams 5.4 weight percent 

3. RESYN NS78-1724 4,000 grams 5.9 weight percent 

4. Vinyl acetate ethylene 1,066.4 grams 1.4 weight percent 

copolymer (AIRC0FLEX X510) 

5. Emery 6760 lubricant 160.3 grams 0.2 weight percent 

6. A-1100 65.2 grams 0.17 weight percent 

This sizing composition was prepared by the same manner as that 
of Example VIII, except the polyvinylacetate material, Resyn NS 78-3724, 
was combined with the epoxidized polyvinylacetate copolymer, Fuller 3013, 
and the vinylacetate-ethylene copolymer. To this mixture there was added 
the hydrolyzed silanes and diluted lubricant . 

The sizing composition had a pH of 5.0 +^0.3 and a solids content 
of 14.0 +_ 0.3 percent. 



Example X 

A high solids sizing composition was prepared by adding water 
to a mix tank with 10 ml of acetic acid and agitated slowly while adding 
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709.2 grams (1.2 weight percent) of A-174. An amount of 139.8 grams (0.2 
weight percent) of unhydrolyzed A-1100 was added to 17,160 grams (14.9 
weight percent) of epoxidized polyvinyl acetate copolymer (RESYN 1971) in a 
pre-mix tank. An amount of 343.7 grams (0.3 weight percent) of Emery 6760 
lubricant was diluted in hot water in a pre-mix tank. An amount of 2,283 
grams (2.0 weight percent) of vinyl acetate-ethylene copolymer (AIRC0FLEX- 
X-510) was added to the mix tank containing the hydrolyzed A-174. The mix- 
ture of A-1100 and epoxidized polyvinyl acetate copolymer and the diluted 
Emery lubricant were added to the mix tank and mixed. The resulting solu- 
10 tion was diluted to 15 gallons (56,775 liters) and the pH adjusted to 5.0 + 

0.2 with acetic acid. The percent solids of the sizing composition were 
between 18 and 20 percent. 

In the foregoing examples the weight percent is weight percent 
of the aqueous sizing composition unless otherwise specified. 

The sizing composition of Example I through X were used to treat 
' glass fibers to produce K-37 glass fiber strand. This involved drawing the 
glass fibers from a bushing after which they were treated with the sizing 
composition during this formation step. The individual sized fibers were 
gathered into strands and collected on a forming tube mounted on a collet 
20 which was rotating at approximately from 3400 to 4500 revolutions per 

minute . 

The glass fibers strand treated with the sizing composition in 
Examples II and V-X had an amount of the sizing composition on the strand 
of 2.0 +_ 0.15 percent by weight for Example II and 2.1 + 0.15 percent by 
weight for Examples V-X where percent by weight is of the dried size 
composition on the strand based on the total weight of the glass and the 
dried residue of the sizing composition. 



- 21 - 



The forming packages of glass fiber strands treated with the 
sizing compositions of Example I through X were dried in an oven at 130'C 
for 11 hours. A number of the packages with the same sizing composition 
were mounted on a creel and braided into a roving and collected on a 
rotating spindle to form a roving ball. 

A number of ends from each one of eight roving balls having the 
dried residue of sizing composition of Examples I through IV and V, VII, 
VIII and IX were threaded into a chopper of a sheet molding compound 
machine. The different rovings were fed at different times to produce 
eight different KMC® compounds each having one of the eight different glass 
fiber strands chopped into 1/4 inch lengths. 

HMC® composites, produced on conventional SMC compounding equip- 
ment, offer much higher strengths than does SMC. These higher strengths 
are achieved by obtaining glass contents f 65%. In essence the calcium 
carbonate normally used as a filler and flow inducer in SMC has been 
replaced with fiber glass. 

HMC® composite molding techniques are very similar to those used 
with SMC. Recommended minimum die coverage is 30% but good structural 
strengths which are isotropic in nature are best achieved by covering at 
least 75% of the mold surface. When mold coverage is at this higher per- 
centage, it is possible to mold at pressures as low as 300 psi. 

The molded panels of HMC® composite were made by feeding the 
various rovings with sizing compositions of Examples 5, 7, 8 or 9 into the 
sheet molding compound machine and the chopped glass roving was impregnated 
with a catalyzed polyester resin, and after a maturation period, was com- 
pression molded at 149"C (300*P) under 4.83 megapascals (700 psi) pressure 
and at 70% charge of the mold surface to give a thickness of 0.25 cm (0.1 
inch) for mechanical properties testing. 



In producing the HMC® molding compunds, the matrix polymers used 
were three polyester resins that are based on phthalic anhydride, maleic 
anhydride, adipic acid and various glycols and, in addition, some low 
profile additives. In addition, styrene monomer was also used. These 
resins were synthesized by the Coatings and Resins (C & R) division of 
PPG Industries, Inc., Pittsburgh, Pennsylvania. Basic differences in these 
resins are: 

1. Selectron® resin 50322 - is a mixture of rigid and flexible 
polyesters ; 

2. Selectron® resin Phase II LP 2252 - a mixture of rigid 
polyester and low profile additive; 

3. Allotron SR331 - a mixture of rigid polyester and low shrink 

additive. 

An addition to the glass fiber strands that are K-37 strands made 
with the sizing compositions of Example I through X, K-37/2 glass fiber 
strands available from PPG Industries Fiberglass Division under the trade 
designation "518 roving" were also used to produce a HMC molding compound. 

The molded panels of HMC® composite were tested for in-plane 
shear strength according to ASTMD-695, flexural strength, both dry and wet 
according to ASTMD-790, flexural modulus, both dry and wet according to 
D-790, and the Sonntag fatigue test according to ASTMD-671. 

The test for wet-out was performed by a visual observation 
observed as soon as possible after wrap-up of the HMC compound into square 
foot samples for determination of sheet weight. The wet-out is measured by 
rolling out the HMC compound on a table and all dry glass or excess paste 
is trimmed from the end of the sheet. Three sections, 12-18 inches long, 
are cut one after another from the compound. Each of these sections are 

% Trade Molv4c 
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stripped to delaminate the compound on a cross -sectional bias perpendicular 
to the sheet molding compound machine direction and across both test glass 
products. Any dry strands present appear at the center of the bias. The 
amount of wet-out is compared to visual standards using 5 percent gradients. 
Results of the test are presented in Table II. 



- 24 - 



HG53Z0 



,?r if! iff jfr sp fir f st a m 

«! 1 1 si 1 1 f I p 

a s a» g s 3' 1 * 



s £ e a s s ss ass 



a a I 1 i llssasji 
i i : i I i • is ass ji 

II 

t * I I £ . 2 £ |j 
s c c c s s : 
! B g £ I ? g ||fl 



- 25 - 



From Table II it is seen that the use of epoxidized polyvinyl ace- 
tate copolymer improves the wet-out of the glass fiber roving on the sheet 
molding compound machine in HMC composites without adversely affecting the 
mechanical properties. The results of example 4 in Table I where the siz- 
ing composition of example 4 was used shows the best wet-out performance. 
The sizing composition of example 4 also showed the highest impact strength 
among all the panels for which test results are shown in Table II. Sample 
2 in Table II utilizes the sizing composition of example 1 wherein an addi- 
tional film former compatabilizing agent was not used with the epoxidized 
polyvinyl acetate copolymer film former. It is seen that the wet-out per- 
formance of this composite was still better than the control panel utiliz- 
ing the commercial 518 roving. Also the other samples show good mechanical 
properties for the molded composite. 

The foregoing has described a sizing composition for ubb in a 
process of producing sized glass fiber strands that have improved wet-out 
performance when used for reinforcing polymers such as unsaturated poly- 
ester resins, vinylesters and epoxies that have improved mechanical proper- 
ties. The sizing composition needs only one or more organo silanes, acetic 
acid, water and 3 to about 20 weight percent of the epoxidized polar ther- 
moplastic copolymer, and one or more lubricants to accomplish the task of 
improving the wet-out performance and solubility of the sized glass fibers 
in the polymer matrix while retaining or improving mechanical properties of 
the glass fiber reinforced polymer. In addition, the sizing composition 
may have one or more compatibilizing agents in an amount of less than 20 
weight percent of the film former. 
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THE EMBODIMENTS OP THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An aqueous sizing composition for glass fibers that is 
substantially soluble in polymeric materials the glass fibers are to 
reinforce, comprising: 

a) a predominant amount of the solids of the composition 
being an epoxidized polar thermoplastic copolymer having 3 to about 10 
parts of epoxy per 100 parts of comonomer selected from vinyl acetate, 
acrylate, polyurethane condensate monomer, polyester condensate monomer and 
polyaraide condensate monomer where the copolymer has a Tg in the range of 
ambient temperatures to about 70 ° C. 

b) one or more organo silane coupling agents; 

c) one or more lubricants; 

d) an amount of water sufficient to make the percent 
solids of the sizing composition in the range of about 2 to about 
30 weight percent. 

2. Aqueous sizing composition of Claim 1 that includes one or 
more corapatibilizing agents selected from unsaturated polyester polymer, 
polyvinylacetate homopolymer, vinyl acetate-ethylene copolymer, epoxy 
polymers, and epoxy polyester copolymers in an amount of less than about 
20 weight percent of the total amount of film former in the Bizing compo- 
sition. 

3. Aqueous sizing composition of Claim 1 or 2 wherein the 
organo-silane coupling agent present is a silane having a free radical 
polymer izable reactive organo moiety in an amount of 0.5 to 5 weight 
percent of the aqueous sizing composition. 

4. Aqueous sizing composition of Claim 1 or 2 wherein the organo- 
silane coupling agents present are a silane having a free radical polymeri- 
zable reactive organo moiety and an aminofunctional organo s.ilane. 
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5. Aqueous sizing composition of Claim 1 or 2 wherein the one or 
more lubricants are selected from cationic, nonionic and anionic lubricants. 

6. Aqueous sizing composition of Claim 1 or 2 wherein the one or 
more lubricants are selected from amidated polyamine lubricants and alkyl- 
imidazaline derivative lubricants. 

7. Aqueous sizing composition of Claim 1 or 2 wherein the weight 
percent solids is in the range of about 18 to about 25. 

8. The aqueous sizing composition of Claim 1 or 2 wherein the 
expoxidized polar thermoplastic copolymer is epoxidized polyvinyl acetate 
copolymer. 

9. In a process of preparing sized glass fiber roving for use in 
preparing reinforced polymeric materials, the Improvement comprising: 

a) treating the glass fibers during their formation with an 
aqueous sizing composition, comprising: 

1) a major amount of the solids of the sizing com- 
position is an epoxidized polar thermoplastic copolymer 
having 3 to about 10 parts of epoxy per 100 parts of 
the comonomer selected from vinyl acetate, acrylate, 
polyurethane condensate monomer, polyester condensate 
monomer and polyamide condensate monomer, where the 
copolymer has a Tg in the range of ambient temperatures 
to about 70 *C. 

2) one or more organo silane coupling agents, 

3) one or more nonionic, cationic or anionic 
lubricants , and 

4) an amount of water sufficient to make the 
percent solids of the sizing composition in the range 
of about 2 to about 30 weight percent, 
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b) gathering the treated glass fibers into one or more treated 
glass fiber strands, 

c) drying the treated glass fiber strand or strands at a tem- 
perature above about 100"C for more than one hour to remove most of the 
moisture from the strand or strands, 

d) gathering a plurality of dried glass fiber strands into a 

rov ing . 

10. Process according to Claim ^wherein the sizing composition 
has one or more compatibilizing agents selected from unsaturated polyester 
polymers, polyvinylacetate homopolymer, vinyl acetate-ethylene copolymers, 
epoxy polymers and epoxy polyester copolymers in an amount of less than 20 
weight percent of the film former. 

11. One or more glass fiber strands having Che dried residue of 
the sizing composition of Claim 1. 

12. Glass fiber reinforced polymeric articles having the glass 
fiber strands of Claim 11. 

13. A sizing composition for treating glass fibers having a 
vinyl-containing organo functional silane, cpoxidfeed polyvinylacetate 
copolymer present in a major amount of the solids of the aqueous sizing 
composition and in the range of 3 to about 20 weight percent of the aqueous 
sizing composition, the copolymer having about 3 to about 12 parts of epoxy 
per 100 parts of vinyl acetate, and vinyl acetate-ethylene copolymer present 
in an amount of less than 20 weight percent of the epoxidized copolymer, 
and an amount of water to give a solids content for the sizing composition 
in the range of 2 to about 30 weight percent. 

14. The composition according to Claim 13 having an unsaturated 
polyester resin compatabilizing agent present in amount less than 10 weight 
percent of the amount of film former in the aqueous sizing composition. 
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15. Sized glass fiber strands have the dried residue of the 
aqueous sizing composition of Claim 13. 

16. Glass fiber reinforced polymer having the sized glass fiber 
strands of Claim 13. 

17. The article according to Claim 16 wherein the reinforced 
polymer is selected from unsaturated polyesters, vinyl esters and epoxy 
polymers. 

18. A process for preparing an aqueous sizing composition for 
treating glass fibers for use as reinforcement in polymeric materials, 
comprising: 

a) combining an organo silane coupling agent having the free 
radical polymerizable organo moiety with water and acetic acid, 

b) combining an epoxidized polyvinylacetate copolymer with an 
amino functional organo silane coupling agent, 

c) adding vinyl acetate-ethylene copolymer to the organo silane 
mixture of step (a) , 

(d) adding to the mixture of step (c) to the water diluted 
mixture of step (b) , 

(e) adding water diluted amidated polyamine lubricant to the 
mixture of step (d) , 

(f) diluting the mixture of step (e) with water to obtain the 
desired volume. 

19. Sizing composition produced by the method of Claim 18. 
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